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The Development of Hydraulic Modeling in Gdansk 
Abstract 
In 1945 after the end ofthe Second World War Technical University of Gdansk 
has been established with five Faculties. One of thern was Civil Engineering. 
Technical University of Gdansk occupied the ruined premises of Technische 
Hochschule Danzig, which was founded in 1904. In the beginning Department of 
Hydraulics from Civil Engineering Faculty used the previously existing Hydraulics 
Laboratory (Wasserbau Versuchsanstalt), which fortunately was not destroyed. ln 
1951 construction ofthe new hydraulics laboratory started and was completed in 
1953. It was used by the Institute of Hydroengineering of the Polish Academy of 
Sciences wruch was established in the same year. Trus provided new opportunities 
for hydraulic model studies. In 1969 the new open- air hydraulics laboratory in 
Gdansk-Oliwa of the Institute of Hydroengineering of the Polish Academy of 
Sciences was constructed in connection with hydraulic model studies of newly 
designed North Harbor in Gdansk. During the years 1960 - 90 many interesting 
model studies for Poland and abroad were completed. These resulted also in 
numerous basic investigations leading to doctor and doctor habilitate degree. In the 
90. visible decline ofhydraulic model studies occurred caused by the decrease of 
new designed hydraulic structures and more frequent use of computers. 
1 Introduction 
After the Second World War in 1945 Technical University of Gdansk was 
established in severely destroyed city Gdansk. Technical University, initially with 
fi ve faculties, occupied the prernises of Technische Hochschule Danzig. These 
premises were destroyed in about 70%, but have been rebuilt within cornparatively 
short time. Technische Hochschule Danzig was founded in 1904 initially with 700 
students. In 1939 the amount of students grew up to 1 700 who were Germans and 
Poles. From the time of foundation (1904) Technische Hochschule had the 
Lehrstuhl für Wasserbau which was chaired by Prof. Otto. 
Schulze later the Rector of the Hochschule. Prof. Schulze organized hydraulics 
laboratory (Wasserbau Versuchsanstalt) which fortunately was not destroyed 
during the Second World War. In this hydraulics laboratory several srudies on river 
hydraulics, hydraulic structures and hydromechanics were carried out. During 
1926 - 45 Prof. Richard Winkel was very active in Lehrstuhl for Wasserbau and 
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Wasserbau Versuchsanstalt. In 1926 a group of first year Freeman Scholars from 
United States visited Prof. Winkel in his Lehrsluhlfiir Wasserbau. 
From 1945 the newly established Department of Hydraulics of the Technical 
University used hydraulics laboratory (Wasserbau Versuchsanstalt) for consulting 
and teaching purposes. Very soon it appeared, however, that the developing Polish 
economy and hydraulic engineering needs much bigger hydraulics laboratory both 
for applied studies and instruction for students. In 1951 the construction of new 
laboratory hall started. It was completed in 1953 together with another building 
which was occupied by the newly forrned Faculty ofHydraulic Engineering. The 
founder ofthe hydraulics laboratory and the Institute ofHydroengineering ofthe 
Polish Academy of Sciences was Prof. Romuald Cebertowicz, head of the 
Department of Hydraulics and Soil Mechanics of the Technical University. The 
first dean ofthe Faculty ofHydraulic Engineering was Prof. Pomianowski. Since 
that moment the facilities for hydraulic studies improved significantly and were the 
best in Poland. Close collaboration existed between the Institute of 
Hydroengineering ofthe Polish Academy ofSciences and the Faculty ofHydraulic 
Engineering of the Technical University of Gdansk. 
Founded in 1953 Institute ofHydroengineering was mainly engaged in applied and 
basic studies in hydraulics and soil mechanics, while the Faculty of Hydraulic 
Engineering put main emphasis on student instruction. 
2 Hydraulics laboratory 
The new hydraulics laboratory had the dimensions 25 * 75 m. It was equipped with 
water supply system consisting of pumps, two constant head tanks, pipes, 
measuring weirs, returning channels and bottom reservoir. Maximum discharge of 
water supply system was about 500 Uso Steel pipes for water distribution had the 
diameter 150 or 200 mm. Measuring tanks had either triangular or circular 
spi Jlways which were calibrated. Laboratory had its own volummetric calibration 
equipment. In the beginning the basic measuring equipment consisted of point 
gauges, laboratory propeller current meters and Pitot tubes. 
Laboratory was equipped with 3 flumes of different dimensions and 2 wave 
flumes . Predominant part ofthe laboratory area was devoted for hydraulic models 
of different sizes and character. 
Initially for movable bed models natural sand ofuniforrn granulometry was used. 
Later on artificial material of smaller density than natural sand was frequently 
applied. After several years one of the flumes was equipped with sediment 
recirculating system. 
In the beginning steady flow studies were carried out only because there were 
difficulties wi th unsteady flow supply and measurements of changing with time 
flow characteristics. 
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ln general three types of model studies can be distinguished: 
- applied investigations conceming particular hydraulic structures, river sections, 
- basic studies conceming various hydraulic phenomena like sediment transport, 
stratified flows, energy dissipation , velocity distribution etc. 
- hydraulic experiments for students including Reynolds number, hydraulic jump, 
flow over spillways, pressure distribution etc. 
Within time Institute ofHydroengineering developed scientific collaboration in the 
realm of hydraulic model studies with numerous institutes and technical 
universities in Poland and abroad. The foreign countries were: France (Grenoble 
and Toulouse), the Netherlands (Delft), Germany (Stuttgart and Karlsruhe), DDR 
(Berlin - Potsdam), Bulgaria (Sofia), Czechoslovakia (Bratislava and Prag), Soviet 
Union (Moscow, Leningrad and Tbilisi), Hungary (Budapest). This collaboration 
included scientific visits and lectures, participation in conferences and seminars, 
exchange of publications, and scholarships during which our scientific staff carried 
out specified studies. In foreign hydraulic laboratories there were much better 
conditions for studies and especially modem measuring and recording equipment, 
which at that time was not available in Poland. 
3 Applied hydraulic model studies 
During many years ofthe operation ofhydraulics laboratory the following groups 
ofhydraulic model studies have been performed: 
- discharge over various types of spillways, 
- discharge over or under gates of weirs, 
- operation of stop-logs, 
- water discharge and aeration of outlet works, 
- energy dissipation downstream from spillways, 
- local erosion downstream ofhydraulic structures, 
- operation of river closing during construction of dam, 
- various systems ofriver training, 
- operation of navigation locks, 
- intake and discharge structures, 
- flow around cofferdams, 
- flow conditions and formation of sedimentation cone at the mouth of Vistula 
River taking into account currents and waves, 
- operation of cooling water systems, 
- impact ofwaves on various maritime hydraulic structures, 
- layout of harbors. 
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3.1 Discharge over spillways 
Discharge over spillways presents usually the following problems : 
- estimation of di scharge coefficient, 
- determination ofhydrodynamic pressures on spillway under various discharges, 
- evaluation of inflow pattern 10 the spillway section i case of many spillway bays 
or nonuniform opening ofthe gates, 
- determination of the shape of spillway chutes for various discharges, 
- determination of flow conditions for water and ice discharge (this case is 
especially for Polish conditions), 
- determination of flow conditions for the operation of stop-logs during fuH 
discharge through the spillway. 
The experiments for discharge over spiHways were always carried out on the 
models without scale distortion, and on the models as large as possible. Hydraulic 
similarity for this type of study is based on Froude law. Usually the limiting factor 
for the model scale is the available discharge and space in the hydraulics 
laboratory. This type of studies was carried out on 2 and 3-dimensional models. 
Important factor is the precise construction of the model with smooth surfaces 
which are subjected to the flow. 
Special type of studies concems the operation of stop-logs. In some cases stop-logs 
must be placed into the moving water when there is a failure of the gate. This 
situation is very important when the depth of flow over spillway is very high. In 
such case a significant factor is the weight ofthe stop-log which must overcome 
the vertical force caused by hydrodynamic pressure caused by the high velocity 
flow. 
3.2 Discharge over and under gates of weirs 
This type of studies in addition to the objectives mentioned in p. 3.1 have 10 
evaluate precisely hydrodynamic pressures during unsteady flow conditions and 
very often also vibrations which appear at particular gate openings and discharges. 
These experiments usually require model of the larger size than those in p. 3.1, 
very precise reproduction of the prototype shape, reproduction of mass distribution 
in the moving parts in the flow and special equipment for the measurements of 
vibrations. These types of studies require more time than simple flow experiments 
and are much more expensive. 
When the flow under the gate and above the gate appear simultaneously very often 
the aeration is necessary in order to avoid flow fluctuations which may lead to 
dangerous vibrations. 
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3.3 Water discharge and aeration of outlet works 
Few darns in Poland are high and equipped with outlet works and spillways whieh 
may operate simultaneously. In two dams such dangerous situation arises when 
spillway discharge meets the stream fl owing out ofthe eonduit with partly filJed 
cross-seetion. This happens during the opening ofthe gate c10sing the eonduit or 
when the gate is partly opened for the longer time. High flow veloeities result in 
considerable suetion of the air whieh leads to vaeuum and dangerous situations 
when the stream of water is breached and air at atmospheric pressures rapidly 
intrudes the eonduit. There are two solutions oftrus problem. Aeration ofthe outtet 
conduit dovmstream ofthe gate or a special stream splitter placed above the outtet 
of the eondui t. Applieation of both these deviees secures safe operation of the 
outlet works. 
3.4 Energy dissipation downstream of spillways 
Dimensioning of stilling basins is based on the empirical formulas which may not 
be very accurate in all eases and therefore require eonfirmation or eorrection by 
hydraulie model studies. Usually these studies are performed on 2-dimensional 
models where exact measurements ofveloeity distribution, position ofhydraulie 
jurop and water surfaee profile are possible. However, very often 3-dimensional 
models must be used. This especially applies to the stilling basins of changing 
widths. ery important parameter is always downstream water elevation whieh 
must be exaetly eontrolled. Qualitative indieator ofthe operation ofstilling basin 
may be the local erosion downstream in the tailrace channe!. This may indieate 
spatial velocity distribution, velocity fluetuations and flow turbulenee downstream 
ofthe sti lling basin. Natural sand ofuniform granulometry was applied. D-SO was 
usually higher than 2 mm which prevented the formation of ripples which might 
obseure the general pattern of local erosion. 
3.5 Local erosion downstream of hydraulic structures 
Local erosion downstream of spillways, energy dissipators, navigation locks, outlet 
works and hydraulic powerplanlS is a very important parameter. Tt may result in 
the loss of stabili ty of the strueture and also drop of water elevation resulting in 
additional eonsequences like difficulties in operation of hydraulic powerplants. 
Local erosion is prevented by various kinds of bed proteetion. The extent of trus 
proteetion is very important beeause of very high costs. 
Local erosion depends on the quality of sediment and its granulometry in prototype 
conditions. Therefore exaet measurements of velocity distribution on the model 
downstream from hydraulic structures may be a good indicator wh ether or not 
bottom erosion in prototype wi ll take pi ace. The use of movable bed may be a 
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good qualitative indicator of spatial distribution of local erosion. One of the main 
problems of such studies is the time duration of model experiment. This time is 
usually estimated as the time when the extent and depth oflocal erosion stabi lize. 
The same time ofthe experiment must be applied for various design solutions to 
obtain comparative qualitati ve results. 
3.6 Operation of river closing during construction of dam 
Construction of dams on the lowland rivers is performed in several stages. The first 
is the formation of a cofferdam under which protection the spillway section, hydro 
powerplant or navigation lock is completed. Than the cofferdam is dismantled and 
the closure of remaining part of the river is necessary. This type of model study 
was carried out for the Wloclawek dam on the Vistula River. Two types ofriver 
closing were investigated. The first is the so called "damming from the shore" and 
the second "damming from the bridge" . The bridge is of floating type extending 
over the whole width of free flowing river. The operation is planned for the period 
of low discharge. Large amount of material: large stones and concrete cubes is 
accumulated. The crucial point is the organization of material supply to the river 
especially during the fmal step ofthe operation. Hydraulic model study was carried 
out in the scale 1:50 (undistorted model) with Froude simulation. Several low 
discharges were simulated for the closure. lt was found out that the closure "from 
the share" is more advantageous and should be given the priority. The ciosing 
operation in prototype was carried out according to the investigated in the 
laboratory scherne and was successful. 
3.7 Systems of river training 
Middle Vistula extending from the effluent of River San to the effluent of River 
Narew was designed for river training. Various layouts oftraining schemes were 
investigated as weil as various training structures (longitudinal dams or 
perpendicular spur dikes). One kilometer long representative river section was 
chosen for these experiments. They were carried out on the movable bed hydraulic 
model in the scale 1 :50 (undistorted). Natural sand ofuniform granulometry (d-50 
about 1 mrn) was used on the model. Results were regarded as qualitative and 
allowed to chose the best system of river training. The criterion was uniform 
velocity distribution in the vertical and in the cross-section as weil as minimum of 
local erosion near training structures. Elaborated design indications were applied 
in prototype and proved to be correct. The best training layout for average 
discharge was based on the shape of clotoide. 
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3.8 Operation of navigation locks 
The following problems were investigated on various hydraulic models of 
navigation locks: 
- time of filling and emptying of lock chambers, 
- energy dissipation during filling of navigation locks, 
- forces acting on the barges during filling and emptying oflock chambers, 
- flow conditions during entering barges into the lock chamber, 
- energy dissipation in the downstream avanport of navigation lock, 
- waves which appear in the downstream and upstream avanport during lock 
operation. 
This type of models requires precise system to control all flow conditions and 
simultaneously measurement of forces acting on the barge during filling and 
emptying conditions. To achieve this end models were constructed in the scale 
form 1 :20 to 1: 15 depending on the size of prototype. Froude simulation was 
always applied. 
3.9 Intake and discharge structures 
The aim of intake structures is to provide continuous supply water under various 
flow conditions in the river or reservoir. It is necessary to avoid the inflow of 
sediment and floating debris. In Polish climatic conditions some problems arise 
during winter with ice phenomena and especially with frazil ice. An important 
problem are the vortices which may withdraw air and floating trash thus disturbing 
the operation of intakes. These structures were investigated on hydraulic models 
in comparatively large scale (around 1 :20) with Froude simulation. Proper shapes 
of hydraulic structures which may be achieved by trial and error method may 
improve significantly coefficients of discharge or operating conditions. 
Investigated discharge structures were usually used for simulation of mixing water 
of differing densities. Heated discharges into rivers or reservoirs from thermal 
power plants or saline waters from coal mines. The criterion for discharge structure 
operation was either intensive mixing or minimum mixing. These problems 
required simulation according to Densimetric Froude Law. 
3.10 Flow conditions at the mouth ofVistula River 
In 1895 the new charmel of Vistula River was artificially formed completely 
changing previous outflow conditions to the Baltic Sea. This way the !ength of 
river charme! has been shortened whieh significantly changed sediment transport. 
Large amounts ofbed load were deposited close to the river mouth thus forming 
a sedimentation cone. [n order to move it further into the sea dikes on both sides 
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ofthe river were constructed and gradually extended. Now their length exceeds 2 
km. In order to find out how this situation should be controlled in future hydraulic 
model study was performed. It included the main Vistula River channel and part 
of the Bay of Gdansk. River discharge, sediment transport and waves were 
reproduced on the model. Because of relatively large size of the model it was 
constructed on the open air hydraulics laboratory in Oliwa. Model study indicated 
the need for further extension of dikes. It indicated also under what conditions 
sediment is transported through the river mouth and what influence on these 
phenomena have waves and varying water level in the sea. 
4 Open-air hydraulics laboratory 
In 1970 it has been decided to build new harbor of Gdansk, which would be 
capable to operate large size ships mainly in connection with the export of coal and 
import of oil. It has been decided that the new harbor called "North Harbor" will 
be located in the bay ofGdansk outside the present shoreline. This project required 
extensive bydraulic model studies. Existing laboratory hall was too small to 
accommodate such large hydraulic model. Therefore it has been decided to build 
new open air hydraulics laboratory in Oliwa (suburb ofGdansk). Over the area of 
2 ha concrete slab was build together with return channels, network of supply pipes 
and pump station with its own water intake from near by running small strearn. 
This new hydraulic laboratory allowed to carry out several model investigations 
to determine the best layout ofthe harbor, construction ofwavebreakers and piers. 
This hydraulic model study may be regarded as important scientific and 
engineering achievement. 
5 Basic studies 
Several applied studies which were commissioned 10 the Institute required the 
elaboration of new techniques and methodologies of hydraulic model 
investigations. These studies were more and more often connected with theoretical 
considerations and direct field measurements. The main areas of basic research 
developed in the Institute concemed the following problems: 
- stratified flows, 
- sediment transport in rivers and coastal zones, 
- techniques for generation and measurement ofwaves in the laboratory, 
- techniques for measurements of rapidly varying pressures and forces, 
- flow in channels with ice cover. 
Several doctor and doctor habilitate thesis were prepared in the Institute of 
H ydroengi neeri ng. 
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6 Hydraulic laboratory for students 
Studies of applied hydraulic include also hydraulic laboratory experiments. They 
include the following problems: 
- Reynolds number, turbulent and laminar flow, 
- head losses in c10sed conduits, valves, changes of diameter etc. 
- hydraulic jump, conjugate depths, 
- velocity distribution in open channel flow, 
- flow over spillways, discharge coefficient, 
- Darcy filtration coefficient, 
- passage of flood wave through reservoirs 
7 Concluding remarks 
General use of computers and development of numerical methods substantially 
diminished the arnount ofhydraulic model studies. Small amount ofnew hydraulic 
structures is being designed and constructed in Poland which leads to decreasing 
interest in hydraulic model experiments. However, there is no better way to 
understand hydraulic phenomena as hydraulic experiment in the laboratory. 
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